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10 BLOCK INTERLEAVER METHOD AND SYSTEM 

O FIELD OF THE INVENTION 

p? The present invention relates generally to data manipulation and, more 

O particularly, to methods, systems, and machine readable media for interleaving data 

15 efficiently. 

BA CKGROUND INFORMATION 

HI 

Q Data transmission technology continues to experience significant growth, 

j! particulm"ly in the area of communications. People exchange information every day 
fs^ 20 using such devices as telephones, faxes, pagers, etc. In order to make this 

communication seamless, protocols have been established to designate how data should 

be transmitted between devices in a communication network. 



Open Systems Interconnection (OSI) is a description of how messages should be 
25 transmitted between any two points in a communication network. OSI divides the 

network into seven layers. The first layer, called the physical layer, conveys bitstreams 
of data through the network at the electrical and mechanical level. The physical layer 
provides the protocol for sending and receiving data on a transmission carrier or 
subcarrier. An exemplary implementation of this protocol is defined by the IEEE 
30 802.1 la standard, IEEE std. 802.1 la-1999, approved September 13,1999 which specifies 
the physical layer of a wireless LAN system. 
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As data is transmitted along a network, portions of the data may become 
corrupted by noise from the network itself or interference from other transmission 
sources. Part of the physical layer protocol includes treating the transmitted data to 
minimize error effects on the entire bitstream and ultimately the data quality at the 
receiving end. One treatment protocol includes interleaving the transmitted data. 
Interleaving involves rearranging the data as it is transmitted such that if the received 
stream is corrupted, the corrupted area will be dispersed once the inverse operation (de- 
interleaving) is applied. Thus, the receiver receives a bitstream of good data with an 
intermittent corrupt bit in a way that enables the receiver to correct the corruption and 
restore the original transmitted bitstream. 

Conventional interleavers include a table driven approach and an unroll 
approach. In the table driven approach, a memory table stores a location of every bit 
output from the network. For every input bit, the method reads the location of the 
corresponding output bit from the table and places the input bit accordingly in the output 
bitstream. In the unroll approach, a completely rolled piece of code uses a few 
instructions to extract each input bit and directly shuffle it to the appropriate location in 
the output bitstream. However, these approaches use a large number of instructions 
and/or a large number of memory accesses to perform the interleaving. As a result, 
conventional interleavers are slow and inefficient. 

Accordingly, there is a need in the art for an efficient interleaving method and 

system, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a flowchart of an embodiment of a method for interleaving blocks of 
data according to the present invention using bit interleaving and p^itioning; 
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Figure 2 is a flowchart of another embodiment of a method for interleaving 
blocks of data according to the present invention using bit interleaving, partitioning, and 
shuffling; 

5 Figure 3 illustrates an exemplary method for interleaving bits as in the methods 

of Figures 1 and 2; 

Figure 4 is a flowchart of the IEEE 802.1 la data transmission standard; 

Figure 5 illustrates exemplary structures of input and output blocks of data at 
bitrates of 48 and 54 Mbps; 

Figure 6 illustrates an exemplary B-tree structure for interleaving data at bitrates 
of 48 and 54 Mbps; 

Figure 7 illustrates exemplary bit ordering after interleaving; 

Figure 8 illustrates an exemplary structure of a partitioned interleaved bitstream 
at bitrates of 48 and 54 Mbps; 

Figure 9 illustrates an exemplary structure of bitstreams transposed and 
appended to the structure of Figure 8; 

Figure 10 illustrates exemplary structures of input and output blocks of data at 
25 bitrates of 24 and 36 Mbps; 

Figure 1 1 illustrates an exemplary B-tree structure for interleaving data at 
bitrates of 24 and 36 Mbps; 

30 Figure 12 illustrates an exemplary structure of a partitioned interleaved bitstream 

at bitrates of 24 and 36 Mbps; 
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Figure 1 3 illustrates exemplary structures of input and output blocks of data at 
bitrates of 12 and 18 Mbps; 

Figure 14 illustrates an exemplary B-tree structure for interleaving data at 
bitrates of 12 and 18 Mbps; 

Figure 15 illustrates an exemplary structure of a partitioned interleaved bitstream 
at bitrates of 12 and 18 Mbps; 

Figure 16 illustrates exemplary structures of input and output blocks of data at 
bitrates of 6 and 9 Mbps; 

Figure 17 illustrates an exemplary B-tree structure for interleaving data at 
bitrates of 6 and 9 Mbps; 

Figure 18 illustrates an exemplary structure of a partitioned interleaved bitstream 
at bitrates of 6 and 9 Mbps; and 

Figure 19 is a block diagram of one embodiment of a computer system that can 
implement the present invention. 

DETAILED DESCRIPTION 

Embodiments of the present invention provide a method for interleaving blocks 
of data. The block interleaver may be used in data transmission systems to minimize the 
effects of consecutive corrupted data. Performing the block interleaving efficiently 
saves several execution cycles that allow a decrease in the overall execution latency of 
the physical layer. 

Figure 1 shows one embodiment of a method of the present invention for 
interleaving blocks of data. First, an input bitstream may be partitioned into multiple 
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bitstreams of a given size, such as n bitstreams, each including m data bits, the multiple 
bitstreams forming a data block structure (box 105). The input bitstream may be 
partitioned in a way that corresponds to, or best suits, the bitstream structures used in 
subsequent bit interleaving. As such, the partitioning enables efficient implementation of 
5 the bit interleaving. Accordingly, the number of instructions to place the input bitstream 
into a data block structure useful to the bit interleaver may be significantly reduced, 
providing for the decreased execution latency in the physical layer. 

After the input bitstream is partitioned into multiple bitstreams having m bits 
10 each, the bits may be interleaved such that corresponding bits in each bitstream are 

alternately placed into a single bitstream (box 110). For example, given input bitstream a 
^aja2asa4 mid input bitstream b = bjb2b3 b4, the resulting interleaved bitstream may 
be c = a; bia2b2a3b3a4b4^ 



y 15 After the bits are interleaved, they may then be partitioned into multiple 

bitstreams of another given size. Exemplary m bitstreams, each including n data bits, 
may be created by placing n consecutive bits into each of the m bitstreams (box 120). For 
pi example, given the interleaved bitstream c aj bja2b2a3b3a4b4,ihe resulting bitstreams 

O may hed = aj bj,e = a2b2,f ~ a3b3, g ~ a4b4. The net effect may be transposition of 
Q 20 the input blocks of data into the output blocks. Such a transposition minimizes the effect 
^ corrupt bitstreams may have on data presentation by separating consecutive bits. 



An exemplary way to receive data in Figure 1 may be by reading in the input 
bitstream from one or more sources (box 100). However, other processes may interact 
25 with the present invention to supply the data as well. 

Figure 2 is a flowchart of another embodiment of a method of the present 
invention for interleaving blocks of data. Similar to the operations described in Figure 1, 
boxes 105, 110, and 120, the operations in boxes 305, 310, and 320 may be performed. 

30 



382666 3.doc 



Docket No.: 2207/12613 

Next, the partitioned m bitstreams may be shuffled. The m bitstreams were 
partitioned in a way corresponding, or best suited, to the bitstream structures used in the 
bit shuffling. As such, the bit shuffling may be simpHfied so that a single operation may 
be performed on each of the m bitstreams. Optionally, the single operation may be 
5 different for each bitstream. Additional manipulations need not be used. Accordingly, 
the bit shuffling may be efficiently implemented. 

The decision to shuffle may depend on the bitrate of the input data. At higher 
bitrates, i.e. higher numbers of bits transmitted, the number of ways to order bits is much 
greater than lower bitrates. As such, shuffling may be used to further increase the 
separation between consecutive bits in the data, thereby, further minimizing the effect of 
corrupt input data. Thus, if the input data bitrate exceeds a predetermined threshold, then 
the data may be shuffled as follows (box 330). First, each bitstream may be divided into 
groups of consecutive bits (box 340). The number of consecutive bits in each group may 
be any size up to n, the size of the bitstream. In altemate bitstreams, the groups of 
consecutive bits may then be shuffled into more and less significant bits (box 350). The 
bit shuffling occurs within the /-th bitstream (i.e. no bits may be permutated from one 
bitstream to another). For example, a most significant bit of a group in an (/+l)-th 
bitstream may correspond to a least significant bit of a corresponding group in an z-th 
bitstream. Input bitstreams d-aib},e-a2b2,f - asbs, g= a4b4 may become d = ai 
bue '=b2a2yf cisbs, g = b4 where bits in altemating bitstreams e and g were 
shuffled and bits in bitstreams d and / were not. 

An exemplary way to receive data in Figure 2 may be by reading in the input 
25 bitstream from one or more sources (box 300). However, other processes may interact 
with the present invention to supply the data as well. 

Figure 3 illustrates an exemplary method for interleaving bitstreams as in box 110 
of Figure 1 and box 310 of Figure 2. First, the bitstreams may be paired by twos (box 

30 400). The pairings may be made of bitstreams / and z + f , represented here as (/, / + f ) , 
where 0 < / < f - 1 and n is the number of bitstreams roxmded to a power of 2. The 
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power of 2 may typically be the nearest to the actual number of bitstreams, but may not 
always be so. For each pairing, the bits may be interleaved with each other, i.e. 
corresponding bits may be altemately placed in a second bitstream (box 410). The total 
number of second bitstreams may be f , numbered 0 through f - 1 , corresponding to the 
/-th bitstreams of which the second bitstreams were created. Next, the second bitstreams 
may be paired by twos. The pairings may be made as (/, / + f ) , where 0 < z < f - 1 . For 
each pairing, corresponding bits may be interleaved with each other as described 
previously to create third bitstreams. The total number of third bitstreams may be f , 
numbered 0 through j - 1 , corresponding to the /-th second bitstreams of which the third 
bitstreams were created. The process may be iterated a total of logj n times, where the 
pairings for they-th time may be as (z,f + p-), where 0<f <^-l and 1< j <\o%2^ 

(box 420). The result is one bitstream of interleaved bits. The method of Figure 3 is 
more efficient than traditional methods as it uses a minimum number of memory 
manipulations and instructions to interleave the data. 

The present invention may be applied to the IEEE 802.1 la standard at the 
interleaver stage, located after the encoder/puncture stage and before the modulation 
mapper stage as shown in Figure 4. It is to be imderstood that this application is for 
exemplary purposes only as other applications that interleave data may also use the 
present invention. It is to be further understood that any of the methods of Figures 1, 2, 
or 3 may be applied. 

The IEEE 802.1 la standard defines the interleaver algorithm by a two-part 
permutation. The first permutation provides for consecutive coded bits being mapped 
25 onto non-consecutive subcarriers. The first permutation is defined as: 

i = (^)(^modl6) + floor(^), 

where A: = 0, 1 , . . . , Ncbp^ 1 . The second permutation provides for consecutive coded bits 
being mapped altemately onto less and more significant bits of the constellation and 
30 thereby, long runs of low reliability bits may be avoided. The second permutation is 
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defined as: 

where z = 0,1 . Ncbps-^, k denotes the index to the coded bits before the first 
permutation, i denotes the index after the first permutation, y denotes the index after the 
second permutation, Ncbps denotes the number of coded bits per symbol, Nbpsc denotes 
the number of bits per subcarrier, and s = max(A^5;>5c/2,l). 

Table 1 below shows an exemplary list of the different values of Ncbps and Nbpsc 
as defined in the IEEE 802.1 la standard. 



Table 1: IEEE 802.1 la Rate-dependent parameters 



Data Rate 


Coded bits per subcarrier 


Coded bits per OFDM symbol 


(Mbit/s) 


(Nbpsc) 


(Ncbps) 


6,9 


1 


48 


12,18 


2 


96 


24,36 


4 


192 


48,54 


6 


288 



The IEEE 802.1 la interleaver algorithm specifies that all the coded bits of an OFDM 
symbol (Ncbps) are interleaved and then the interleaved bits are mapped according to the 
appropriate modulation technique. 

The input data to the IEEE 802.1 la interleaver algorithm may be fi*om an encoder 
algorithm. The amount of bitstreams into which the input bitstream is partitioned may 
depend on the data bitrate as shown in Table 2 below. Table 2 shows that the number of 
bits per output bitstream equals the nxxmber of input bitstreams. As such, the first 
permutation transposes n bitstreams of 16 bits each into 16 bitstreams of w bits each. The 
input bitstream is partitioned into the appropriate number of input bitstreams according to 
Table 2 in order to efficiently implement the IEEE 802.1 la interleaver algorithm. The 
present invention provides such a partitioning of the input bitstream. 
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The IEEE interleaver algorithm may then prepare the output bitstream that may be 
stored in output registers for input to the modulation mapper algorithm that modulates the 
coded, punctured and interleaved bits according to the appropriate modulation technique. 
The IEEE 802.1 la interleaver algorithm may prepare 16 output bitstreams, for example, 
each including several coded, punctured and mterleaved bits. The amount of bits in each 
output bitstream may depend on the data bitrate as shown in Table 2 belov^. 



Table 2: Bitstream data per bitrate 



Date Rate 

(Mbit/s) 


number of 
input bitstreams 


number of bits per 
ouQ)ut bitstream 


6,9 


3 


3 


12,18 


6 


6 


24,36 


12 


12 


48,54 


18 


18 



In the following example, the present invention is applied to the IEEE 802.1 la 
interleaver stage to interleave blocks of data with bitrates of 48 and 56 Mbps. Figure 5 
illustrates exemplary structures of an input block of data and a transposed output block 
created according to boxes 305, 3 10, and 320 of Figure 2, as defined by the first 
permutation of the IEEE 802. 1 1 a standard. Overall, the input data m 1 8 bitstreams (In), 
each including 16 bits, may be transposed into 16 bitstreams (Out), each including 18 
bits, according to Table 2. In the transposition, each of the 16 bits in bitstream / is placed 
in bit / of each of the 16 output bitstreams, where / = 0,..,17, such that (^7[0]^it0 ^ 
Ow/[0]/bitO;//7[0]/bitl^ (9^/^[l]^it0; /«[0]/bit2^ Ow/[2]/bit0,...,/«[i]^it7^ Out\}]/hit 

Applying the method of Figure 2, the input bitstream may be partitioned into the 
18 bitstreams of 16 bits each (box 305). Then, the input bits may be interleaved (box 
310). This interleaving may be done according to the method of Figure 3. Recall that the 
method of Figure 3 uses a power of 2 as the number of bitstreams. For the data bitrate of 
48 and 56 Mbps, the number of input bitstreams may be 18. As such, the first 16 
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bitstreams may be interleaved using the method of Figure 3 and the remaining 2 may be 
set aside for later processing. 

The bit interleaving method of Figure 3 may be illustrated in a B-tree structure as 
shown in Figure 6. Initially, input bitstream pairs (0,8), (1,9), (2,10), (3,1 1), (4,12), 
(5,13), (6,14), and (7,15) may be interleaved to produce second bitstreams, designated 0- 
8, 1-9, 2-10, 3-11, 4-12, 5-13, 6-14, and 7-15. These second bitstreams may be paired 
according to box 400, Figure 3, for example. These second bitstream pairs (0-8,4-12), 
(1-9, 5-13), (2-10, 6-14), and (3-11, 7-15) may be interleaved to produce third bitstreams, 
designated 0-4-8-12, 1-5-9-13, 2-6-10-14, and 3-7-11-15. These third bitstreams may 
also be paired as (0-4-8-12, 2-6-10-14) and (1-5-9-13, 3-7-11-15) and interleaved to 
produce fourth bitstreams, designated 0-2-4-6-8-10-12-14 and 1-3-5-7-9-1 1-13-15. 
These fourth bitstreams may then be interleaved to produce the final interleaved 
bitstream. Starting with 1 6 bitstreams of 1 6 bits each, the final interleaved bitstream may 
have 256 bits. The bit order may be 16 bits from bit location 0 in bitstreams 0 through 
15, followed by 16 bits from bit location 1 in bitstreams 0 through 15, etc. 

Figure 7 illustrates an exemplary bit order after interleaving bitstreams 0, 4, 8, 
and 12. With each iteration, the bits may be ordered consecutively firom bits 0 to 15 and 
bitstreams 0 to 15. 

After the bits are interleaved, the interleaved bitstream may be partitioned into 16 
bitstreams of 16 bits (box 320). The remaining two bitstreams which were separated out 
may be transposed and then appended to the 16 bitstreams, as shown in Figure 9. The 
resulting 16 bitstreams may now have 18 bits each as shown in the exemplary output 
block of Figure 5. 

An inquiry may then be made to decide whether bit shuffling should be performed 
on the resulting 16 output bitstreams of 18 bits each (box 330). Since the bitrate is high, 
the bit shuffling may be done in order to separate consecutive bits more thoroughly, 
thereby reducing corrupt data effects. An exemplary bitrate threshold above which bit 
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shuffling may be performed is 1 8 Mbps for the IEEE 802. 1 1 a interleaver algorithm. The 
second permutation defines three types of bit shuffling for 48 and 54 Mbps; each operates 
on a closed group of 3 bits (i.e. bits may shuffle within their group, but do not cross 
group boundary). The three types of bit shuffling may be ABC ABC (no change), 
ABC CAB (right shift), and ABC -> BCA (left shift). Each type of bit shuffling may 
be applied on 6 consecutive groups of three bits (i.e. 18 consecutive bits). It is to be 
understood that the bit shuffling types vary based on the data bitrates. 

Accordingly, the present invention may apply bit shuffling to the 16 bitstreams in 
the following manner. First, groups of 3 consecutive bits may be selected in the 
bitstreams, as defined by the second permutation of the IEEE 802.1 la standard (box 340). 
Then, for altemating bitstreams, more and less significant bits may be shuffled (box 350). 
For these bitrates, bitstreams 0, 3, 6, 9, 12 and 15 may not be modified since none of their 
bits may be affected by the second permutation. Bitstreams 1, 4, 7, 10, and 13 may be 
modified by rotating each group of 3 bits right by 1 (ABC-^CAB). Bitstreams 2, 5, 8, 
1 1, and 14 may be modified by rotating each group of 3 bits left by 1 (ABC^BCA). 

For example, suppose output bitstreams 0-3 include six bits abcdef. Applying 
the bit shuffling method of the present invention, bitstreams 0 and 3 are not changed. 
Each group of three bits in bitstream 1 is rotated right by 1, c a bfd e. Shnilarly, each 
group of three bits in bitstream 2 is rotated left by 1 , Z) c ^ efd. So, looking at the results 
of the bit shuffling method, the four bitstreams may be: 

abcdef 
cabfde 
bcaefd 
abcdef 

The resuhs show that groups of three bits in adjacent bitstreams may have bits shuffled 
into more or less significant bit positions. 
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In the next example, the present invention is applied to the IEEE 802. 1 la 
interleaver stage to interleave blocks of data with bitrates of 24 and 36 Mbps. Figure 10 
illustrates exemplary structures of an input block of data and a transposed output block 
created according to boxes 305, 310, and 320 of Figure 2, for example, as defined by the 
first permutation of the IEEE 802.1 la standard. Overall, the input data in 12 bitstreams 
{In\ each including 16 bits, may be transposed into 16 bitstreams {put), each including 
12 bits, according to Table 2. In the transposition, each of the 16 bits in bitstream i is 
placed in bit / of each of the 16 output bitstreams, where / 0,...,1 1, such that (/«[0]/bitO 

Owr[0]/bitO; /«[0]/bitl-» Ow/[l]/bitO; /«[0]/bit2-> Ow/[2]/bit0,..., /«[i]/bit 
Ow^OJ/bit /,...). 

Applying the method of Figure 2, the input bitstream may be partitioned into the 
12 bitstreams of 16 bits each (box 305). Then, the input bits may be interleaved (box 
310). This interleaving may be done according to the method of Figure 3. Since the 
interleaving method of Figure 3 uses a power of 2 as the number of bitstreams and the 
number of input bitstreams may be 12 for this data bitrate, 4 additional bitstreams of 
zeros may be added to fill the number of bitstreams out to 16. The bit interleaving 
method may be illustrated in a B-tree structure as shown in Figure 1 1 . Initially, input 
bitstreams pairs (0,8), (1,9), (2,10), (3,1 1), (4,'0'), (5,'0'), (6,'0'), and (7,'0') may be 
interleaved to produce second bitstreams. The process may be repeated until the input 
bitstreams are interleaved into one bitstream of 256 bits. 

After the bits are interleaved, the interleaved bitstream may be partitioned into 16 
bitstreams of 16 bits (box 320). Each interleaved bitstream may be made up of 4 filling 
zero bits and 12 interleaved data bits, as illustrated in Figure 12. 

An inquiry may then be made to decide whether bit shuffling should be performed 
on the resulting 16 output bitstreams of 12 bits each (box 330). Since the bitrate exceeds 
the exemplary threshold of 1 8 Mbps, the bit shuffling may be done in order to separate 
more thoroughly consecutive bits, thereby reducing corrupt data effects. The second 
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permutation defines two types of bit shuffling for 24 and 36 Mbps; each operates on a 
closed group of 2 bits (i.e. bits may shuffle within their group, but do not cross group 
boundary). The two types of bit shuffling may be AB ^ AB (no change) and AB ^ BA( 
left or right shift). Each type ofbit shuffling may be applied on 6 consecutive groups of 
5 two bits (i.e. 12 consecutive bits). 

Accordingly, the present invention may apply bit shuffling to the 16 bitstreams in 
the following manner. First, groups of 2 consecutive bits may be selected in the 
bitstreams, as defined by the second permutation of the IEEE 802.1 la standard (box 340). 
10 Then, for alternating bitstreams, more and less significant bits may be shuffled (box 350). 
^ ^ For these bitrates, bitstreams 0, 2, 4, 6, 8, 10, 12, and 14 may not be modified since none 
C3 of their bits may be affected by the second permutation. The remaining bitstreams may 
Q be modified by rotating each group of 2 bits either right or left by 1 (AB-»BA). 

o 
. w 

^ 15 For example, suppose output bitstreams 0-3 include four bits abed. Applying 

^ the bit shuffling method of the present invention, bitstreams 0 and 2 are not changed. 

ji 

Each of the two groups of 2 bits in bitstream 1 is rotated right by \,b ad c. So, looking 

^s 

p at the results of the bit shuffling method, the four bitstreams may be: 

#20 abed 

bade 
abed 
bade 

25 The results show that the groups of two bits in adjacent bitstreams may have bits shuffled 
into more or less significant bit positions. 

In the following example, the present invention is applied to the IEEE 802.1 la 
interleaver stage to interleave blocks of data with bitrates of 12 and 18 Mbps. Figure 13 
30 illustrates exemplary structures of an input block of data and a transposed output block 
created according to boxes 305, 310, and 320 of Figure 2, for example, as defined by the 
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first pennutation of the IEEE 802. 1 1 a standard. Overall, the input data in 6 bitstreams 
(In), each including 16 bits, may be transposed into 16 bitstreams (Out), each including 6 
bits, according to Table 2. In the transposition, each of thel6 bits in bitstream / is placed 
in bit / of each of the 16 output bitstreams, where i = 0,...,5, such that (/K[0]^itO ^ 
Oum/hitO; //^[0]^itl■> (9«/[l]/bitO; /«[0]/bit2^ Out[2]/hm,..., /«[i]/bit j-^ OutU]/hit 
/,...)■ 

Applying the method of Figure 2, the input bitstream may be partitioned into the 
6 bitstreams of 16 bits each (box 305). Then, the input bits may be interleaved (box 310). 
This interleaving may be done according to the method of Figure 3. Similar to the 
bitstreams at 24 and 36 Mbps, additional bitstreams of zeros may be added to fill the 
number of bitstreams out to 8, a power of 2, such that the method of Figure 3 may be 
used. The bit interleaving method may be illustrated in a B-tree structure as shown in 
Figure 14. Initially, input bitstreams pairs (0,4), (1,5), (2,'0'), and (3,'0') may be 
interleaved to produce second bitstreams. The process may be repeated until the input 
bitstreams are interleaved into one bitstream of 128 bits. 

After the bits are interleaved, the interleaved bitstream may be partitioned into 16 
bitstreams of 8 bits (box 320). Each interleaved bitstream may be made up of 2 filling 
zero bits and 6 interleaved data bits, as illustrated m Figure 15. 

An inquiry then may be made to determine if the bit shuffling should be 
performed (box 330). Since a bitrate of 18 Mbps does not exceed the exemplary 
threshold, bit shuffling may not be performed. What this means is that the values of / and 
J in the first and second permutations of the IEEE 802,1 la standard are equal. As such, 
the bit locations are fhe same and hence no shuffling is done. 

Therefore, the second permutation does not modify any one of the bitstreams 
prepared in the first pennutation, and, all the output bitstreams may be written after the 
first permutation. 
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In the next example, the present invention is applied to the IEEE 802.1 la 
interleaver stage to interleave blocks of data with bitrates of 6 and 9 Mbps. Figure 16 
illustrates exemplary structures of an input block of data and a transposed output block 
5 created according to boxes 305, 3 10, and 320 of Figure 2, for example, as defined by the 
first permutation of the IEEE 802.1 la standard. Overall, the input data in 3 bitstreams 
{In\ each including 16 bits, may be transposed into 16 bitstreams {Out\ each including 3 
bits, according to Table 2. In the transposition, each of the 16 bits in bitstream / is placed 
in bit / of each of the 1 6 output bitstreams, where / = 0, . . . ,2, such that (/w[0]/bitO ^ 
10 Owr[0]/bitO;/«[0]/bitl^ Owr[l]/bit0;/n[0]/bit2^ Owr[2]^it0,...,/«[i]/bit7^ Out\]\lhit 

. 

fa; Applying the method of Figure 2, the input bitstream may be partitioned into the 

M 

0 3 bitstreams of 1 6 bits each (box 305). Then, the input bits may be interleaved (box 3 1 0). 

.W 

^ 15 This interleaving may be done according to the method of Figure 3. Similar to the 

f^- bitstreams at 12, 18, 24, and 36 Mbps, additional bitstreams of zeros may be added to fill 

1^ the number of bitstreams out to 4, a power of 2, such that the method of Figure 3 may be 

used. The bit interleaving method may be illustrated in a B-tree structure as shown in 
# Figure 17. Initially, input bitstreams pairs (0,2) and (1,'0') may be interleaved to produce 
^ 20 second bitstreams. The process may be repeated until the input bitstreams are interleaved 

into one bitstream of 64 bits. 

After the bits are interleaved, the interleaved bitstream may be partitioned into 16 
bitstreams of 4 bits. Each interleaved bitstream may be made up of 1 filling zero bit and 
25 3 interleaved data bits, as illustrated in Figure 1 8. 

Since a bitrate of 9 Mbps does not exceed the exemplary threshold, bit shuffling 
may not be performed. Therefore, the second permutation does not modify any one of the 
bitstreams prepared in the first permutation, and, all the output bitstreams may be written 
30 after the first permutation. 
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The mechanisms and methods of the present invention may be implemented 
using a general-purpose microprocessor programmed according to the teachings of the 
present invention. The present invention thus also includes a machine readable medium 
which may include instructions which may be used to program a processor to perform a 
method according to the present invention. This medium may include, but is not limited 
to, any type of disk including floppy disk, optical disk, and CD-ROMs. 

Figure 19 is a block diagram of one embodiment of a computer system that can 
implement the present invention. The system 2300 may include, but is not limited to, a 
bus 23 10 in communication with a processor 2320, a system memory module 2330, and a 
storage device 2340 according to embodiments of the present invention. 

It is to be understood that the structure of the software used to implement the 
invention may take any desired form, such as a single or multiple programs. It is to be 
further understood that the method of the present invention may be implemented by 
software, hardware, or a combination thereof 

Numerous modifications and variations of the present invention are possible in 
light of the above teachings. It is therefore to be understood that within the scope of the 
appended claims, the invention may be practiced otherwise than as specifically described 
herein. 
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